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Since 2000, the U.S. Department of Energy's (DOE) Advanced Vehicle Testing Activity (AVTA) has produced an annual overview of the transportation market. The document-which covers vehicle sales, emissions, potential partners, advanced technology vehicle availability, and other factors-offers a "snapshot" of current vehicle technologies and trends. DOE program managers use this document to plan testing and evaluation activities that focus resources where they have the greatest impact. This document is the update for 2005. To download overviews from previous years, visit www.avt.nrel.gov/overview.html.
The scope of this document has changed slightly this year. The content is simplified and streamlined, eliminating discussion of energy use, which has not changed dramatically year to year, and focusing on advanced technology vehicles and associated industry trends. Up-to-date information on energy use is available from several DOE sources including: The information on advanced technology vehicles in development came from various sources, including vehicle manufacturers and news services. Because this information changes daily, we set February 1, 2005 as the cut-off date for inclusion in this document. However, the vehicle tables are updated quarterly and posted as separate documents on the AVTA Web site at www.avt.nrel.gov/overview.html.
Advanced Technology Vehicles
The following sections provide a snapshot of the current market for advanced technology vehicles. The tables concentrate on the vehicles most likely to be available in the U.S. market. For a more complete listing of advanced technology vehicles around the world, refer to the companion tables at www.avt.nrel.gov/overview.html.
Hybrid Electric Technology

Light-Duty Vehicles
Automotive manufacturers continue to work on light-duty hybrid electric technology. There are now seven different vehicle models available for sale in the United States, and plans to introduce many more are in the works. Table 1 lists light-duty hybrid vehicles in production, those planned for introduction in the next few years, and some of the more recent concept vehicles. (For more information on these and other light-duty hybrid vehicles introduced around the world, refer to the companion tables at www.avt.nrel.gov/overview.html.) The company plans to introduce a "strong" hybrid system in its full-size pick-ups and SUVs. The system is a scaled-down version of the GM Allison hybrid drive used for transit buses. Instead of a full hybrid system, the Saturn Vue will use a belt alternator starter hybrid system, which is expected to improve fuel economy 12%-15%. Dodge plans to enter the hybrid market with a mild hybrid pick-up designed with commercial fleets in mind. This hybrid uses a diesel engine and can double as a mobile generator.
In addition to the explosion in sales of the Prius, Toyota enjoyed a warm reception for its Lexus RX400h hybrid luxury SUV. Presold orders have exceeded 12,000 for the April 2005 release. The RX400h's technological features include electric, rather than belt-driven, accessories.
In a reversal of a trend noted last year, the number of hybrid concept vehicles decreased in the past year as the number of production models increased. The introduction of hybrid models by several of the smaller OEMs may indicate an increasing acceptance of the technology, and the focus seems to be on refining existing production models and gaining market share.
Heavy-Duty Vehicles
The past several years have seen a sharp increase in orders for heavy-duty hybrid electric vehicles. Most of these orders were for transit applications, but several hybrid electric trucks are being developed for delivery and utility applications. Most of these hybrid bus and truck projects involve partnerships between vehicle OEMs, companies specializing in integration of systems, and fleets. These partnerships help push advanced vehicles from the prototype stage into commercial products. A 40-foot hybrid bus designed by ISE Research uses a ULEV-certified, gasoline-fueled Ford V10 engine. Early emission tests show very low levels of criteria pollutants. Two transit agencies are currently using the ISE bus, including Elk Grove, California, which recently began using buses retrofitted with ISE's system. Seven transit agencies have plans to add these hybrids to their operations. ISE also offers this hybrid system powered by a diesel engine or a hydrogen internal combustion engine.
Plug-in hybrid electric vehicles (PHEVs) have received more attention in the past year because of advantages such as electric-only range, improved net fuel economy with recharging, potentially lower lifetime service costs, and stored energy to offset the need for generators for construction or utility applications. One recent prospect involves parallel-drive Sprinter utility trucks and public transit vans being promoted by DaimlerChrysler and the Electric Power Research Institute (EPRI). The Sprinter PHEV has an all-electric, zero emission range of about 30 kilometers (19 miles). Key vendors participating in the development of the Sprinter PHEV include Varta (NiMH batteries), Saft (optional lithium ion batteries), and ZF Sachs (permanent magnet electric traction system). Should these PHEVs prove successful, interest exists from an Austin, Texas-based consortium, in purchasing these vehicles in volume, which should dramatically reduce the per vehicle cost. 
Fuel Cell Technology
Light-Duty Vehicles
Most manufacturers continue to develop prototype vehicles powered by fuel cells. Table 4 provides a list of models introduced in the past few years, many of which are currently being tested in California as well as various other parts of the United States. For more details, see the companion tables at www.avt.nrel.gov/overview.html.
In a trend that began last year, manufacturers continue to place fuel cell vehicles into selected fleets, generally in the form of commercial lease to customer agreements. The California Fuel Cell Partnership (CaFCP) reports to have 65 fuel cell vehicles in California, with current or planned demonstration activities. Manufacturers are also testing their fuel cell vehicles in other parts of the world.
In early 2003, DOE initiated the Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project. This project involves an integrated DOE-industry effort to monitor real-world applications of fuel cell vehicles and hydrogen infrastructure and to test, demonstrate, and validate system solutions. Results will be fed back into DOE's R&D program to guide future research funding and direction. Four cooperative agreements have been signed by DOE and industry teams; vehicles are being deployed, and hydrogen fueling infrastructure is being constructed. These projects will be executed over 5 years, and iterations of technology will be compared and measured against DOE technical targets. 
Heavy-Duty Vehicles
Heavy-duty fuel cell vehicles, mainly transit buses, continue to be developed. Table 5 The most significant demonstration of fuel cell buses to date involves 33 full-size DaimlerChrysler (Citaro) buses with Ballard fuel cell systems. The buses are being demonstrated as part of three parallel projects: Clean Urban Transport for Europe (CUTE), Ecological City Transport System (ECTOS), and Sustainable Transport Energy Project (STEP). A total of 30 full-size fuel cell buses will be deployed in nine European cities, in Iceland, and in Perth, Australia. Each city will operate three buses for 2 years. The various locations will allow for bus performance to be compared in multiple climates and topographical conditions. The CUTE and ECTOS programs are reporting impressive results to date, including the following:
• 420,000 km driven as of November 2004 • 33,000 hours of fuel cell operation • 40,000 kg hydrogen used.
Infrastructure permitting and station redesigns have proven more onerous than has implementing the vehicles. The cities are developing infrastructure for providing hydrogen in a variety of ways, 50% of which will employ renewable sources. The CUTE and ECTOS programs are employing a similar philosophy to that of the DOE technology validation effort, i.e., the introduction of vehicles must occur in concert with fueling infrastructure. For more information on these projects visit www.fuel-cell-bus-club.com. The United Nations Development Programme and the Global Environmental Facility are supporting another fuel cell bus initiative. The 5-year program plans to introduce up to 46 fuel cell buses in six cities in developing countries: Beijing and Shanghai in China; Cairo, Egypt; Mexico City, Mexico; New Delhi, India; and Sao Paulo, Brazil. The demonstrations for each city are in various stages of development.
Progress in Mexico is reportedly slightly behind that in Brazil and China. The Egypt and India programs are in early development. Specific updates are provided below (for more information on the initiative visit www.undp.org/gef). An international effort began last year to bring representatives from these various demonstrations together to collaborate and share results and experiences. These projects provide a unique opportunity to collaborate in validating this advanced technology in real-world applications. The U.S. Federal Transit Administration and DOE are working together to facilitate this collaboration. Two workshops have been held to facilitate the sharing of information and experiences, with a third scheduled for late 2005. A major goal of the effort is to standardize a set of data items and methods to allow comparison of projects worldwide. Progress at the most recent meeting in Porto, Portugal, included the following:
Mexico
• The participants agreed to share a set of fixed data in a common template for easy comparison. Fixed data include project summaries, descriptions of the fleet and infrastructure, status of the demonstration, and vehicle specifications. No proprietary data are included.
• The participants agreed to share summary data and lessons learned during the fuel cell bus demonstrations. The list of specific data was discussed but not finalized. The organizing team will draft a proposal to the group that includes a list of performance data.
• The participants agreed to form an International Fuel Cell Bus Working Group that will meet once each calendar year.
Hydrogen and Hydrogen/Natural Gas Blend ICE Technology
Several automotive and bus engine manufacturers are developing vehicles that use internal combustion engines (ICEs), which operate on hydrogen or a blend of hydrogen and CNG. Using hydrogen in mature technologies, such as ICEs, could help support the expansion of infrastructure for the fuel while manufacturers continue to perfect fuel cell vehicle systems.
Light-Duty Vehicles
Several light-duty vehicles using hydrogen have been introduced in the last few years, the most recent being a Ford Focus concept vehicle which uses hydrogen as a fuel for an ICE instead of gasoline (see Table 6 ). A project sponsored by the South Coast Air Quality Management District will involve demonstration of 30 hydrogen ICE hybrids which are modified Toyota Prius sedans. Quantum Technologies will modify the vehicles to enable operation on hydrogen, and the fleet will be operated in various locations within southern California. 
Heavy-Duty Vehicles
More extensive work has been done in the heavy-duty sector, building upon experience with natural gas. Table 7 lists projects involving heavy-duty hydrogen ICE vehicles in production, those planned for introduction in the next few years, and some of the more recent concept vehicles. (For more information on these and other hydrogen and blend-fueled vehicles introduced around the world, refer to the companion tables at www.avt.nrel.gov/overview.html.) Ford has initiated an effort to introduce shuttle buses powered by hydrogen-fueled internal combustion engines. Two projects, still in the planning phase, could place eight of these vehicles in service with the State of Florida and up to 100 at Dallas-Fort Worth Airport in Dallas, Texas. The shuttle bus would use the Ford E-450 chassis and the Ford 6.8L Triton V10 engine.
Additional Developments
Several developments in the past year could have an effect on advanced technology and alternative fuel vehicles in the United States. The following are some of the most recent:
Ford Discontinues AFV Production: Ford discontinued production of its CNG and LPG vehicles after model year 2004. This has reduced the selection of AFVs and could result in fewer AFVs being added to fleets in the future. Ford reportedly dropped its AFV efforts to focus on production of hybrid electric vehicles and development of hydrogen ICE vehicles (see Tables 1, 4 , and 6). Parts Supply for Hybrids Could Cause Production Delays: Several sources indicate that increases in production of hybrids could be limited by the availability of specialized components, including batteries. Many manufacturers are building hybrid vehicles on the same production lines as the traditional versions of the same model, therefore streamlining the production process, boosting capacity, and minimizing cost. However, specialized parts are still required, which may limit production. For example, Ford's estimated 2005 production of 20,000 Escape Hybrids may fall short, given that Sanyo, which supplies the NiMH batteries, does not currently have the production capacity to supply more than 20,000 units.
Mergers Prevalent in Hybrid and Fuel Cell Industries: Mergers in the hybrid and fuel cell arenas are becoming common as companies that have been slow out of the gate attempt to make up ground and companies seek competitive advantage by combining technological niches or customer bases. Examples include GM teaming with DCX to develop vehicles using GM's two-mode full hybrid, Azure purchasing Solectria, and Hydrogenics purchasing Stuart Energy.
Hybrid Fuel Economy Claims Scrutinized: The difference between manufacturers' fuel economy claims and real-world results has received negative press. Estimates based on modeling do not necessarily apply to real-world driving conditions, which involve unique driving cycles, hills, traffic, and variable passenger load. Fleets are beginning to recognize the importance of apples-to-apples comparisons between new and conventional powertrains and that in-use comparisons are more accurate than marketing claims.
Hybrid FedEx Trucks Begin Demonstration: Hybrid powertrains have debuted in a high-profile demonstration by FedEx, which is employing Eaton's parallel architecture in delivery trucks. A total of 16 trucks are currently in service in Sacramento, California, New York City and Staten Island, New York, and Tampa, Florida. An additional two trucks are expected to begin service in Washington, DC in February 2005. The hybrid trucks use Hitachi lithium ion batteries, Hitachi motors, Mercedes 4.3L engines, and Engelhard DPFs. The on-road testing period is scheduled for 2 years.
Summary
The direction and funding of transportation programs and the marketplace for advanced technologies continues to develop. Understanding the trends within the context of today's marketplace is critical to focusing public and private resources where they can have the most impact. Key points from this document include the following:
• Total U.S. sales of light-duty hybrid vehicles topped 86,200 in 2004; increasing sales, rapid proliferation of hybrid models planned for release, and increasing mainstream acceptability suggest a bright future for this technology.
• Heavy-duty hybrid vehicles continue to gain market acceptance, particularly in the transit bus sector.
• A range of hybrid powertrain architectures and energy storage options are being evaluated in many different applications nationwide.
• There are gaps between real-world driving behavior and region-and route-specific drive cycles and manufacturer-estimated fuel economy. Additional research is needed to understand and predict the relationship between drive cycle and actual, not advertised, fuel economy.
• Although industry experts do not expect full commercialization until after 2010, development of pre-production fuel cell vehicles is progressing rapidly, with numerous demonstrations of light-and heavy-duty vehicles being conducted worldwide. Note: EIA estimates that there were about 4.1 million flexible fuel vehicles (FFVs, which can run on E85 or gasoline) in the United States in 2002. The number counted as E85 vehicles reflects those FFVs believed to be fueled with E85 instead of gasoline; these are primarily fleet vehicles. EIA assumes that most FFVs owned by individuals are not fueled with E85 because of a lack of available E85 fueling stations.
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